PARTICULATE FILTER REGENERATING DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention generally relates to a regenerating device for a 
particulate filter used to after-treat the exhaust gas of engines, especially diesel engines. 
The present invention also generally relates to an engine exhaust gas cleaning device that 
utilizes such a regenerating device. 
Background Information 

[0002] Diesel particulate filters are particulate matter collecting devices comprising a 
honeycomb monolith made of ceramic or the like. Diesel particulate filters are generally 
used to remove particulate substances (hereinafter called "particulates") from the exhaust 
gas discharged by diesel engines. During operation, particulates gradually accumulate in 
the diesel particulate filter. Eventually, the quantity of accumulated particulate matter 
exceeds an allowed quantity and clogging occurs. Once the particulate filter is clogged, 
this causes the exhaust pressure to rise and the operation of the engine to be adversely 
affected. As a result, it is necessary to periodically remove the accumulated particulate 
matter from the particulate filter so that clogging does not occur. 

[0003] A known regeneration process for removing particulates from diesel particulate 
filters is disclosed in Japanese Laid-Open Patent Publication No. 7-034853. The 
regeneration process of this publication proposes to raise the temperature of the exhaust 
gas above normal and feed the exhaust gas into the filter, thus heating and combusting the 
accumulated particulate matter. 

[0004] One known method for determining if it is time to regenerate a diesel 
particulate filter is to calculate the pressure difference across the filter by measuring the 
pressure inside the exhaust passage at the front and rear of the filter and estimate the 
quantity of accumulated particulate matter based on the calculated pressure difference and 
the exhaust gas flow rate (which can be calculated based on the intake air flow rate, etc.). 
When the estimated quantity of accumulated particulate matter reaches a prescribed 
quantity, the system determines that it is time to regenerate the filter. (See Japanese Laid- 
Open Patent Publication No. 7-034853) 

[0005] In view of the above, it will be apparent to those skilled in the art from this 
disclosure that there exists a need for an improved regenerating device. This invention 
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addresses this need in the art as well as other needs, which will become apparent to those 
skilled in the art from this disclosure. 

SUMMARY OF THE INVENTION 
[0006] It has been discovered that when the quantity of accumulated particulate matter 
is estimated based on the pressure difference across the filter and the exhaust gas flow rate, 
it is easy for variations to occur in the estimate value used for determining if it is time to 
regenerate the diesel particulate filter. When the estimated quantity of accumulated 
particulate matter is less than the actual quantity, the following problem occurs. 
[0007] When the quantity of particulates accumulated in the diesel particulate filter is 
smaller than the estimated quantity, the amount of heat generated due to combustion of the 
particulates greatly exceeds the expected amount of heat and a portion of or all of the 
diesel particulate filter will exceed an allowable temperature. The same problem occurs 
when other methods are used, such as computing the quantity of particulates discharged 
from the engine per unit time in accordance with the operating conditions and integrating 
this quantity to estimate quantity of accumulated particulate matter. 
[0008] One object of the present invention is to prevent the particulate filter from 
exceeding the allowable temperature by controlling the exhaust gas temperature, thus 
protecting the particulate filter, when the estimated quantity of accumulated particulate 
matter is smaller than the actual quantity due to variation of the estimate value, etc. 
[0009] The present invention raises the temperature of the exhaust gas in order to 
regenerate the particulate filter. Meanwhile, it reduces the amount of temperature rise 
induced in the exhaust gas in order to execute the regeneration when it determines, based 
on the amount of temperature rise per unit time of the particulate filter, that the heating of 
the particulate filter is excessive. 

[0010] With this arrangement, even if the heating of the particulate filter during 
regeneration becomes excessive due to such factors as the estimated quantity of 
accumulated particulate matter being less than the actual quantity, the temperature rise of 
the particulate filter can be restrained by reducing the amount of temperature rise of the 
exhaust gas and the particulate filter can be prevented from exceeding the allowable 
temperature. 

[001 1] The present invention also includes the idea of constructing an engine exhaust 
gas cleaning device that includes such a particulate filter regenerating device. 



[0012] Basically, in view of the above, the present invention is provided with a 
particulate filter regenerating device comprising a regeneration timing determining section, 
an exhaust gas temperature increasing section, an exhaust gas temperature increasing 
section, and a temperature rise restraining section. The regeneration timing determining 
section is configured to determine a regeneration timing to regenerate a particulate filter 
by combusting particulate that has accumulated in the particulate filter; 
[0013] The exhaust gas temperature increasing section is configured to increase 
temperature of exhaust gas to regenerate the particulate filter. The temperature rise 
restraining section is configured to reduce a temperature rise amount of the exhaust gas 
caused by the exhaust gas temperature increasing section to a lower value based on a 
temperature of the particulate filter. In particular, the temperature rise restraining section 
is configured such that at least one of the lower value of the temperature rise amount of the 
exhaust gas is less than it would be where the temperature of the particulate filter rises 
comparatively gradually, when the temperature of the particulate filter rises too rapidly 
during regeneration of the particulate filter by the exhaust gas temperature increasing 
section, and the lower value of the temperature rise amount of the exhaust gas is below a 
normal value that is used to bring the particulate filter to a target particulate filter 
temperature during regeneration. 

[0014] These and other objects, features, aspects and advantages of the present 
invention will become apparent to those skilled in the art from the following detailed 
description, which, taken in conjunction with the annexed drawings, discloses a preferred 
embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 5] Referring now to the attached drawings which form a part of this original 
disclosure: 

[0016] Figure 1 is a block diagram of a diesel engine in accordance with a preferred 
embodiment of the present invention; 

[0017] Figure 2 is a flowchart showing regeneration control for a diesel particulate 
filter used in the diesel engine illustrated in Figure 1 in accordance with the present 
invention; 
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[001 8] Figure 3 shows the relationship between the temperature rise restraining 
coefficient and the filter temperature rise rate during the aforementioned regeneration 
control in accordance with the present invention; 

[0019] Figure 4 is a continuance of the flowchart shown in Figure 2; 
[0020] Figure 5 shows the change in the exhaust gas temperature and the filter 
temperature during regeneration of the diesel particulate filter in accordance with the 
present invention; 

[0021] Figure 6 is a flowchart of feedback control of the exhaust gas temperature in 
accordance with the present invention; and 

[0022] Figure 7 shows the method of setting the feedback coefficient during the 
aforementioned feedback control in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0023] Selected embodiments of the present invention will now be explained with 
reference to the drawings. It will be apparent to those skilled in the art from this 
disclosure that the following descriptions of the embodiments of the present invention are 
provided for illustration only and not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. 

[0024] Referring initially to Figure 1, a schematic diagram of a direct injection diesel 
engine 1 is illustrated in accordance with a first embodiment of the present invention. The 
diesel engine 1 is preferable used in an automobile. The diesel engine 1 is well known in 
the art. Since diesel engines are well known in the art, the precise structure of the diesel 
engine 1 will not be discussed or illustrated in detail herein. 

[0025] An air cleaner (not shown) is installed at the inlet part of the air intake passage 
2 to remove dust and particles from intake air to the diesel engine 1 . A variable nozzle 
turbocharger 3 is operatively coupled to diesel engine 1 . The turbocharger 3 includes a 
compressor part 3a installed in the air intake passage 2 downstream of the air cleaner and a 
turbine part 3b installed in an exhaust passage 9. The intake air that has passed through 
the air cleaner is compressed by the compressor part 3a and fed onward to an intercooler 4. 
The intercooler 4 is installed downstream of the compressor part 3 a such that the intake air 
discharged from the compressor part 3a is cooled by the intercooler 4. A throttle valve 6 
is installed immediately upstream of a surge tank 5. Thus, the cooled intake air from the 



intercooler 4 passes through the throttle valve 6 and into the surge tank 5 before being 
distributed to the individual cylinders at a manifold section of the diesel engine 1. 
[0026] Regarding the engine main body, the diesel engine 1 includes a cylinder head 
with a plurality of fuel injectors 7. The fuel injectors 7 are fixed to the cylinder head so as 
to face the approximate center of the upper part of the combustion chamber of each 
cylinder. The fuel system of the diesel engine 1 includes a common rail 8. Fuel pumped 
by a fuel pump (not shown) is delivered to the injectors 7 through the common rail 8 in a 
conventional manner. The injectors 7 operate in response to a fuel injection signal sent 
from an electronic control unit or "ECU" 21. The injectors 7 are configured and arranged 
to execute fuel injections in several stages. In addition to the main injection that serves to 
control the torque of the diesel engine 1, the injectors 7 perform a pilot injection for 
reducing the quantity of particulates generated and a post injection for increasing the 
temperature of the exhaust gas when the diesel particulate filter 12 is being regenerated. 
The pilot injection is performed at a more advanced timing than the main injection and the 
post injection is performed at a more retarded timing than the main injection. 
[0027] Meanwhile, the turbine part 3b of the turbocharger 3 is installed downstream of 
the manifold section in the exhaust passage 9. The turbine part 3b of the turbocharger 3 
has movable vanes in which the vane angles of the movable vanes are controlled in 
accordance with the operating conditions by a supercharging pressure control signal from 
the electronic control unit 21. 

[0028] The diesel particulate filter 12 is installed downstream of the turbine part 3b to 
after-treat the exhaust gas. The particulates in the exhaust gas are removed from the 
exhaust gas as the exhaust gas passes through the diesel particulate filter 12. An EGR pipe 

10 for recirculating exhaust gas (EGR) is connected between the exhaust passage 9 and the 
air intake passage 2 (i.e., the surge tank 5 in this embodiment) and an EGR control valve 

1 1 is installed in the EGR pipe 10. An appropriate amount of exhaust gas is recirculated 
to the air intake passage 2 in accordance with the opening degree of the EGR control valve 
1 1, which operates in response to an EGR control signal from the electronic control unit 
21. 

[0029] The exhaust gas cleaning device of the diesel engine 1 in this embodiment 
includes the diesel particulate filter 12 and the regenerating device, which comprises the 
electronic control unit 21 and sensors 31-37 as discussed below. The diesel particulate 



filter 12 has a honeycomb monolith made of ceramic or the like. The basic structure of the 
diesel particulate filter 12 is well known in the art. Since diesel particulate filters are well 
known in the art, the precise structure of the diesel particulate filter 12 will not be 
discussed or illustrated in detail herein. 

[0030] The electronic control unit 21 preferably includes a microcomputer with a 
regenerative particulate filter control program that controls the fuel injectors as discussed 
below. The electronic control unit 2 1 can also include other conventional components 
such as an input interface circuit, an output interface circuit, and storage devices such as a 
ROM (Read Only Memory) device and a RAM (Random Access Memory) device. The 
microcomputer of the electronic control unit 21 is programmed to control the regeneration 
of the particulate filter 12. The memory circuit stores processing results and control 
programs are run by the processor circuit. The electronic control unit 21 is operatively 
coupled to the sensors 31-37 in a conventional manner. The internal RAM of the 
electronic control unit 21 stores statuses of operational flags and various control data. The 
internal ROM of the electronic control unit 21 stores various operations as needed and/or 
desired. It will be apparent to those skilled in the art from this disclosure that the precise 
structure and algorithms for electronic control unit 2 lean be any combination of hardware 
and software that will carry out the functions of the present invention. In other words, 
"means plus function" clauses as utilized in the specification and claims should include 
any structure or hardware and/or algorithm or software that can be utilized to carry out the 
function of the "means plus function" clause. 

[0031] The sensors 3 1-37 of the regenerating device send signals to the electronic 
control unit 21 for the purpose of regenerating the diesel particulate filter 12. The exhaust 
gas temperature sensors 31 and 32 are configured and arranged to detect the exhaust gas 
temperatures Texhin and Texhout at the inlet and outlet, respectively, of the diesel 
particulate filter 12. The exhaust gas temperature sensor 31 is configured and arranged to 
produce a signal indicative of the exhaust gas temperature Texhin at the inlet of the diesel 
particulate filter 12 that is sent to the electronic control unit 21. The exhaust gas 
temperature sensor 32 is configured and arranged to produce a signal indicative of the 
exhaust gas temperature Texhout at the outlet of the diesel particulate filter 12 that is sent 
to the electronic control unit 21. 



[0032] The filter pressure difference sensor 33 is configured and arranged to detect the 
pressure difference (hereinafter called "filter pressure difference") APdpf across the diesel 
particulate filter 12. The filter pressure difference sensor 33 is configured to produce a 
signal indicative of the filter pressure difference that is sent to the electronic control unit 
21. 

[0033] The air flow meter 34 is configured and arranged to detect air flow of in the air 
intake passage 2. The air flow meter 34 is configured to produce a signal indicative of the 
intake air flow rate of the air intake passage 2 that is sent to the electronic control unit 21. 
[0034] The crank angle sensor 35 is configured and arranged to detect the crank angle 
of the crank shaft of the diesel engine 1 . The crank angle sensor 35 is configured to 
produce a signal indicative of the crank angle that is sent to the electronic control unit 2L 
[0035] The accelerator position sensor 36 is configured and arranged to detect the 
depression amount of the accelerator pedal. The accelerator position sensor 36 is 
configured to produce a signal indicative of the depression amount of the accelerator pedal 
that is sent to the electronic control unit 21. 

[0036] The throttle opening degree sensor 37 is configured and arranged to detect 
throttle opening degree of the throttle valve 6. The throttle opening degree sensor 37 is 
configured to produce a signal indicative of the throttle opening degree that is sent to the 
electronic control unit 2 1 . 

[0037] The operation of the electronic control unit 21 in relation to the regeneration of 
the diesel particulate filter 12 will now be described with reference to the flowcharts of 
Figures 2 and 4. First, in step SI and S2 of the flowchart shown in Figure 2, the electronic 
control unit 21 determines the regenerate timing of the diesel particulate filter 12, i.e., if it 
is time to regenerate the diesel particulate filter 12. If it is time to regenerate the diesel 
particulate filter 12, then the electronic control unit 21 proceeds to step S5 to start the 
regeneration of the diesel particulate filter 12. Steps SI and S2 constitute the regeneration 
timing determining section. 

[0038] In step SI, the electronic control unit 21 reads in the filter pressure difference 
APdpf and the exhaust gas flow rate Qexh. Based on the detected values of the filter 
pressure difference APdpf and the exhaust gas flow rate Qexh, the electronic control unit 
21 estimates the accumulated particulate quantity PM, i.e., the quantity of particulates 
accumulated in the diesel particulate filter 12. The accumulated particulate quantity PM is 



estimated by referring to a map in which the accumulated particulate quantity PM values 
are allocated in accordance with the filter pressure difference APdpf and the exhaust gas 
flow rate Qexh. The exhaust gas flow rate Qexh is preferably calculated by the electronic 
control unit 21 based on the intake air flow rate Qa that is detected by the air flow meter 
34. 

[0039] In step S2, the electronic control unit 21 checks if the regeneration flag F is 0. 
If the regeneration flag is determined by the electronic control unit 21 to be 0, the 
electronic control unit 21 proceeds to step S3. If the regeneration flag is not determined 
by the electronic control unit 21 to be 0, the electronic control unit 21 proceeds to step S4. 
The regeneration flag F is set to 0 when the engine is started. The regeneration flag F is 
set to 1 when it is time to regenerate the diesel particulate filter 12. 
[0040] In step S3, the electronic control unit 21 determines if the accumulated 
particulate quantity PM has reached a prescribed value PM1 that is established in advance 
as a value indicating the maximum allowable accumulation of particulates. The electronic 
control unit 21 then proceeds to step S4 if the electronic control unit 21 determines that the 
prescribed value PM1 has been reached. The electronic control unit 21 proceeds to step 
SI 1 if it determines that prescribed value PM1 has not been reached. In step S4, the 
electronic control unit 21 sets the regeneration flag F to 1. 

[0041] When the electronic control unit 21 determines that it is time to regenerate the 
diesel particulate filter 12, the electronic control unit 21 sets a device control quantity 
increasing/decreasing value dCONT for the devices (hereinafter called "regeneration 
control devices") that are controlled to raise the temperature of the exhaust gas (step S5). 
[0042] The regeneration control devices of this embodiment include the injectors 7, 
the turbocharger 3, the EGR control valve 11, and the intake air throttle valve 6. By 
setting the value dCONT, at least one of the following quantities is adjusted: the main 
injection timing of the injectors 7; the post injection timing of the injectors 7; the post 
injection quantity of the injectors 7; the vane angle of the turbocharger 3; the opening 
degree of the EGR control valve 1 1 ; and the opening degree of the intake air throttle valve 
6. 

[0043] As seen below, the table shows the dCONT items and descriptions of how the 
regeneration control devices are controlled by the electronic control unit 21 when the 
temperature of the exhaust gas is raised. 



[0044] 


Table 1 




Device 


dCONT 


Control Description 




Main injection timing 


Retarded 


Injectors 


Post injection timing 


Retarded 




Post injection quantity 


Increased 


Turbocharger 


Supercharging pressure 


Reduced 


EGR control valve 


Opening degree 


Closed 


Intake air throttle valve 


Opening degree 


Closed 



The device control quantity increasing/decreasing value dCONT is set as a value used to 
increase or decrease the device control quantity base value CONT. The device control 
quantity increasing/decreasing value dCONT is read from a map that allocates the value 
dCONT in accordance with the operating conditions (e.g., fuel injection quantity Tp and 
engine rotational speed Ne). The regeneration control devices (sometimes a single device, 
sometimes a plurality of devices) with respect to which the value dCONT is set differently 
depending on the operating conditions. In order to obtain the exhaust gas temperature 
required to bring the accumulated particulate matter to the prescribed combustion 
temperature, the value dCONT is set with respect to one or a plurality of regeneration 
control devices in accordance with the operating conditions. Steps S5 to S10 (discussed 
later) comprise the exhaust gas temperature increasing section. 

[0045] Next, in steps S6 to S8, the electronic control unit 21 determines if the heating 
of the diesel particulate filter 12 during regeneration is excessive. If the heating is 
determined to be excessive, the electronic control unit 21 proceeds to step S9 where it 
executes control to restrain the temperature rise of the diesel particulate filter 12. 
[0046] In step S6, the electronic control unit 21 reads in the exhaust gas temperatures 
Texhin and Texhout at the inlet and outlet of the diesel particulate filter 12 and uses the 
average of these temperatures to calculate the temperature Tdpf (= k x (Texhin + 
Texhout)/2, where k is a coefficient) of the diesel particulate filter 12 (hereinafter called 
"filter temperature"). 

[0047] In step S7, the electronic control unit 21 calculates the rise per unit time of the 
filter temperature Tdpf (hereinafter called the "filter temperature rise rate" and given by 



ATdpf = (Tdpf - Tdpf.i)/At, where Tdpf_i is value of Tdpf in the previous control cycle 
and At is the period of the control cycle). 

[0048] In step S8, the electronic control unit 21 determines if ATdpf is greater than or 
equal to a prescribed value ATI, which is set in advance as a value indicating that the 
heating of the diesel particulate filter 12 is excessive. If it determines that the filter 
temperature rise rate is greater than or equal to ATI, the electronic control unit 21 
proceeds to step S9. If the filter temperature rise rate is less than ATI, the electronic 
control unit 21 proceeds to step SI 01 of the flowchart shown in Figure 4. 
[0049] In step S9, the electronic control unit 21 sets a temperature rise restraining 
coefficient Ktdpf (0 < Ktdpf < 1) for restraining the rise in temperature of the diesel 
particulate filter 12. The temperature rise restraining coefficient Ktdpf is multiplied by the 
device control quantity increasing/decreasing value dCONT (dCONT = dCONT * Ktdpf). 
The coefficient Ktdpf is set separately for each regeneration control device. For all 
regeneration control devices, the larger the filter temperature rise rate ATdpf is the smaller 
the value to which the coefficient is set (see Figure 3). Steps S6 to S9 constitute the 
temperature rise restraining section. 

[0050] In step S 10 the device control quantity increasing/decreasing value dCONT is 
added to the device control quantity base value CONT to determine the final device 
control quantity CONT (= CONT + dCONT). In addition to combusting the particulates 
accumulated in the diesel particulate filter 12, the electronic control unit 21 determines if 
regeneration has finished by executing the steps of the flowchart shown in Figure 4. 
[0051] In step S101, the electronic control unit 21 reads in the exhaust gas flow rate 
Qexh and the filter temperature Tdpf and, based on the exhaust gas flow rate Qexh and the 
filter temperature Tdpf, estimates the regeneration speed APM (hereinafter called "filter 
regeneration speed" and indicating the quantity of particulates combusted per unit time) of 
the diesel particulate filter 12. The estimation of the exhaust gas flow rate APM is 
accomplished by referring to a map that allocates the exhaust gas flow rate APM in 
accordance the exhaust gas flow rate Qexh and the filter temperature Tdpf. 
[0052] In step SI 02, the electronic control unit 21 subtracts the quantity of particulates 
removed by combustion from the accumulated particulate quantity PM estimated in step 
SI to calculate the remaining particulate quantity PM (= PM - APM x At, where At is the 
period of the control cycle). 
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[0053] In step SI 03, the electronic control unit 21 determines if the accumulated 
particulate quantity PM has decreased to a prescribed value PM2 (< PM1) that is set in 
advance as a value indicating that the particulates have been completely removed. If it 
determines that the prescribed value PM2 has been reached, the electronic control unit 21 
proceeds to step SI 04. If the electronic control unit 21 determines that the prescribed 
value PM2 has not been reached, the electronic control unit 21 returns to the main routine. 
In step S204, the electronic control unit 21 sets the regeneration flag to 0 and lowers the 
exhaust gas temperature to a normal temperature by executing the subsequent processing. 
[0054] When it determines that the accumulated particulate quantity PM has not 
reached the prescribed value PM1 in step S3 of the flowchart shown in Figure 2, the 
electronic control unit 21 proceeds to step SI 1 and executes normal engine control. When 
this occurs, the device control quantity base value CONT is used without modification as 
the device control quantity. 

[0055] This embodiment preferably enables the following effects to be obtained. 
[0056] When the filter temperature rise rate ATdpf is greater than or equal to the 
prescribed value ATI during regeneration of the diesel particulate filter 12, the electronic 
control unit 21 sets a temperature rise restraining coefficient Ktdpf to decrease the amount 
of temperature rise of the exhaust gas. As a result, even if the heating of the diesel 
particulate filter 12 becomes excessive due to the estimated accumulated particulate 
quantity PM being less than the actual quantity, the rise in the temperature of the diesel 
particulate filter 12 is restrained by reducing the amount of rise in the temperature of the 
exhaust gas and the temperature of the diesel particulate filter 12 can be prevented from 
exceeding the allowable temperature. 

[0057] This restraining operation will now be explained in detail using the time chart 
of Figure 5. At time tl, the electronic control unit 21 determines that it is time to 
regenerate the diesel particulate filter 12 because the accumulated particulate quantity PM 
has reached the prescribed value PM1 (S3). An increasing/decreasing value dCONT is set 
with respect to the device control quantity base value CONT of regeneration control 
devices specified according to the operating conditions and regeneration by raising the 
temperature of the exhaust gas commences. The higher exhaust gas temperature causes 
the temperature of the diesel particulate filter 12 to rise and eventually the accumulated 
particulate matter begins to combust. 
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[0058] At time t2, the filter temperature rise rate ATdpf is equal to or greater than the 
prescribed value ATI. The electronic control unit 21 determines that the heating of the 
diesel particulate filter 12 is excessive (S8) and sets the temperature rise restraining 
coefficient Ktdpf (S9). For example, if the device control quantity increasing/decreasing 
value dCONT is set so as to retard the main injection timing, which is serving as the 
device control quantity base value CONT, the amount of retardation is reduced by 
multiplying dCONT by Ktdpf. That is, the temperature rise amount ATexh of the exhaust 
gas is reduced below the normal value ATexh 1 and the temperature rise of the diesel 
particulate filter 12 is restrained. If the temperature rise was not restrained, the 
temperature of the diesel particulate filter 12 would become excessively high, as indicated 
by the single-dotted chain line. Instead, by reducing the amount of temperature rise of the 
exhaust gas, the maximum temperature reached by the filter can be reduced and the diesel 
particulate filter 12 can be brought to the set temperature. The exhaust gas is returned to 
the normal temperature at time t3, when the filter temperature rise rate ATdpf becomes 
less than the prescribed value ATI. 

[0059] Although in the preceding explanation the temperature of the exhaust gas was 
not varied after being raised during regeneration, it is preferably to vary the exhaust gas 
temperature in accordance with the operating conditions. In other words, the regeneration 
control device can be selected and the device control quantity increase/decrease value 
dCONT can be set in such a manner as to raise the exhaust gas temperature to a first 
temperature when it is possible to raise the exhaust gas to a temperature (e.g., 640°C) 
where the particulates accumulated in the diesel particulate filter 12 can be combusted 
completely and to a second temperature when it is not possible to combust the particulates 
completely but it is possible to raise the exhaust gas to a temperature (e.g., 450°C) where a 
quantity of particulates substantially equal to the quantity of particulates that flow into the 
diesel particulate filter 12 can be combusted. 

[0060] It is also good to calculate the difference between the actual exhaust gas 
temperature and the target exhaust gas temperature after the exhaust gas temperature has 
been raised during regeneration and execute feedback control in order to made the exhaust 
gas temperature match the target exhaust gas temperature. The flowchart of Figure 6 is an 
example of such a feedback control and can be substituted for step S5 of the flowchart of 
Figure 2. 
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[0061] In step S51, similarly to step S5 of the flowchart shown in Figure 2, the 
electronic control unit 21 sets a device control quantity increasing/decreasing value 
dCONT for adjusting the device control quantity base value CONT in accordance with the 
operating conditions. In step S52, the electronic control unit 21 reads in the exhaust gas 
temperature Texhin at the inlet of the filter. In step S53, the electronic control unit 21 sets 
a feedback coefficient Kfb in accordance with the difference between the target exhaust 
gas temperature tTexh and the temperature Texhin. Preferably, the electronic control unit 
21 sets the target exhaust gas temperature tTexh differently depending on the operating 
conditions so that the exhaust gas is raised to different temperatures in accordance with the 
operating conditions, as described previously. The feedback coefficient Kfb is set larger 
values when the difference between tTexh and Texhin is larger, as shown in Figure 7. In 
step S54, the device control quantity increasing/decreasing value dCONT is multiplied by 
Kfb to adjust dCONT (dCONT = dCONT x Kfb). 

[0062] By providing the regeneration device of the diesel particulate filter 12 with this 
kind of feedback function, the diesel particulate filter 12 can be protected and the exhaust 
gas can be raised to the target temperature accurately during regeneration, thus enabling 
excellent combustion of the particulates. 

[0063] The term "configured" as used herein to describe a component, section or part 
of a device includes hardware and/or software that is constructed and/or programmed to 
carry out the desired function. Moreover, terms that are expressed as "means-plus 
function" in the claims should include any structure that can be utilized to carry out the 
function of that part of the present invention. 

[0064] The terms of degree such as "substantially", "about" and "approximately" as 
used herein mean a reasonable amount of deviation of the modified term such that the end 
result is not significantly changed. For example, these terms can be construed as including 
a deviation of at least ± 5% of the modified term if this deviation would not negate the 
meaning of the word it modifies. 

[0065] This application claims priority to Japanese Patent Application No. 2002- 
364375. The entire disclosure of Japanese Patent Application No. 2002-364375 is hereby 
incorporated herein by reference. 

[0066] While only selected embodiments have been chosen to illustrate the present 
invention, it will be apparent to those skilled in the art from this disclosure that various 
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changes and modifications can be made herein without departing from the scope of the 
invention as defined in the appended claims. Furthermore, the foregoing descriptions of 
the embodiments according to the present invention are provided for illustration only, and 
not for the purpose of limiting the invention as defined by the appended claims and their 
equivalents. Thus, the scope of the invention is not limited to the disclosed embodiments. 
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